INTRODUCTION
Infant mortality rates have often been used as heaIth status indicators, particularly for international comparisons.1 However, it is generally recognized that infant mortality is not a valid indicator of the overall health sta tus of a nation or community, aIthough it is very useful in pointing to problems with the health status of infants and mothers and pos sible problems in the delivery of health care and related services to these groups in a com munity. The use of infant mortality rates at the local phirming leveI is unfortunately lim ited by yearly fluctuations in the rates which are purely random (i.e., unrelated to charac teristics of the infants, mothers, environment, etc.). This stability problem WW be discuked in more detail below.
The factors which influence infant morta.l ity ratesz are many: race, sex, residence, birth weight, gestation age, age of mother, birth order, prior pregnancy outcome, socio economic status,s and prenatal care.~ Infant mortality rates for white and all other births have declined rapidly since the early part of the 20th century. After a period of reduced decline in the 1950's to mid-1960's, an accelerated decIine occurred through 1974, the most recent year for which data are avaiIable. However, wide variations within the United States still exist. For exam ple the U.S. mortality rate in 1974 for infants other than white (24.6 per 1,000 live births) was 67 percent higher than the corresponding rate for white infants (14.7 per 1,000).s In addition, substantial geographic variation exists across the United Statesz and within small areas of large cities.G This variation is especially important for planning purposes.
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DEFINITIONS
In order to provide comparable reporting of birth and death data, precise definitions of terms need to be agreed upon. .The National Center for HeaIth Statistics has recommended the WorId HeaIth Organization's (WHO) defi nition of a Iive birth. According to WHO, "every product of conception that gives signs of life after birth, regardless of the length of the pregnancy, is considered a live birth."T This definition thus distinguishes a Iive birth from a fetal death, which is defined as "death prior to the complete expulsion or extraction from its mother of a product of conception irrespective of the duration of pregnancy."* Approximately half the States have adopted this definition, the remainder use minimum periods of gestation to define fetal deaths and live births.s Table 1 Of course, the rate maybe limited to a certain age group in which case it becomes both cause-and age-specific. The crucial point is that the denominator be defined as the popu lation at risk of death (i.e., every case counted in the denominator should have a chance of appearing in the numerator). Since the infant mortality rate (and relat ed measures) varies by many characteristics of the mother aqd infant, an area's infant mor tality rate will depend upon the composition of its childbearing population. One of the most important of these characteristics is race. Figure 1 defines race-specific rates and gives an example of how an area's totaI infant mortaIity rate may be misleading. Thus, when comparing areas or planning for services to meet the needs of high-risk groups, it is imp ortant to examine race-specific rates. Number of deaths among infants of specified race during a period IMR (Race X) = x 1,000
Number of live births of specified race during the same period 
Number of
Number Thus the total infant mortality rate depends upon both the race-specific rate and the proportion of aJ3Iive births which occur in each race. Thus, when comparing two areas with different -racial compositions the results couId be misleading. For example, suppose au area has 40,000 white births with a white infant mortality rate of 13 per 1,000 and 10,000 Negro births with a Negro infant mortaIity rate of 35 per 1,000 (well above the national average). The totaI infant mortality rate for that area (assuming no births for other races) is 13x 40,000+ 35 x 10,000 = 174
. .
50,000
Ifonly the total infant mortality rate is examined, the area seems to be very similar to the national average, and the high mortality rate for Negro infants will be missed.
SOURCES OF DATA
As is evident from the definitions in the previous section, two items are needed in or der to produce infant mortality data: deaths (neonatal, postneonatal, and fetal) and births. Birth data can serve alone as useful health sta tus indicators and will be discussed in that context in a future issue. For the purpose of providing denominators for infant mortality, it is sufficient to know that birth data are available on the same geographic basis as mor tality data.
A complete description of the sources and classification of mortality data is given in the 
Registration and Classification
Since the original sources of the data are the persons completing the birth and death certificates, there is potential for variations in registration of births and deaths, complete ness and validity. of certain items on the cer tificate, and classification of cause of death. As far as completeness of registration of births and infant deaths is concerned, it is generally believed that this presents no prob lems.z Registration of fetal deaths, however, does pose a problem.8 State requirements for registration of fetal deaths vary according to the minimum period of gestation used. Due to difficulties in determining the period of ges tation it is likely that underregistration occurs, especially for fetal deaths near the lower limit of required registration.
In addition some live-born infants who die very shortly after birth may be erroneously recorded as fetal deaths.8 Recent changes in abortion laws have resulted in an increase in legal abortions and in problems with the classification of fetz-d deaths. Some States include fetal deaths due to induced abortions while others do not.
Cause-of-death classification also presents problems because a large portion of infant deaths occurs during the first few days of life. Nearly half of all infant deaths are classified in general "catchall"
categories. Thus, one should be very cautious when using cause-specific rat es. This is especially true when comparing cause-specific rates among areas with very different provider characteris tics, since the cause-of-death information var ies among physicians by specialty, age, etc.
Stability
An area's observed infant mortality rate should be considered an estimate of the true underlying mortality rat e.b As is the case with any estimate, the infant mortality rate is sub ject to chance variation. If the area has very few births, the observed infant mortality rate may be very different from the true rate. Thus if two areas are compared in a given year and one (or both) of the area's rates is based on a small number of births, it would not be unusual to find the comparison reversed the following year. An example is shown is figure  2 where Ionia County's infant mortality rate in 1965 (31.7) was more than 20 percent higher than Wayne County's rate (26.3). The next year Ionia's rate (22.3) was slightly lower than Wayne's (25.0). However, nothing has realIy changed. The smalI number of births in Ionia County resulted in very impre cise estimates of Ionia's infant mortality rate.
Thus, a method is needed to assess the adequacy of the observed infant mortality rate as an estimate of its true value. The most common method is the use of confidence in tervals which is explained in detail in the ap pendix.
Basically a 95-percent confidence interval is defined so that the probability is 95 percent that the true rat e is included in the interval. If the interval is very wide, the true rate is not known with much precision. The bThe model implied here is that the number of infant deaths in an area varies by chance depending upon the number of births and the probability of infant death (the "true" infant mortality rate). As the number of births increases the chance component becomes less important and the observed infant mortal ity rate is a better estimate of the true rate.
Figure 2. Effects of chance variation on the estimation of infant mortality rates.
The 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 YEAR AIthough "both counties show decreasing trends, the graph for Ionia County is much more erratic horn year to year due to the small numbers of births and the resulting large errors in estimating the underlying infant mortality rate. interval generally becomes narrower as the number of births upon which the rate is based increases. Two common methods of increas ing the numbers of births are to combine years and to combine smaller areas into larger ones. This will almost always be necessary. For example, during the 5-year period 1969-73, 35 percent of 3,073 U.S. counties had confidence intervals which were so wide that their infant mortality rates were mean ingless.
Although aggregation over years and areas permits the computation of stable rates, there is a loss of information.
Combining heteroge neous areas to obtain a stable rate may be more misleading than helpful. Combining years involves the assumption that in each of the years the ranking of the areas is the same, i.e., annual changes in the rates are the same for all areas.
The stability issue is especially important when comparing areas or determining whether "reaI" changes have occurred over time within an area. In these situations confidence limits should be used to assesss the magnitude of the differences.
Two areas (or two time periods for one area) can be compared by using the absolute difference in their rates (D =rl -r2 ) or by the ratio of their rates (R = r, / rz ). The latter measure of change is uswdly preferred since it allows for comparison of areas or time over a wide range of rates. For example, in 1935 the U.S. white infant mortality rate was 51.9 per 1,000. By 1955 the rate had dropped to 23.6, a decrease of nearly 30 per 1,000. C1early the rate cannot be expected to drop by 30 per 1,000 again by 1975. However, it does make sense to express the 1935-55 decrease as 51.9/23.6=2.20 (i.e., the 1935 rate was 2.2 times the 1955 rate), and compare the 1955-75 ratio with the 1935-55 ratio. In fact the 1974 provisional rate is 14.7, which gives a ratio of 23.6/14.7 = 1.61, not quite as high as 2.20 but more comparable than the two differences (28.3 = 51.9 -23.6 and 8.9 = 23.6-14.7).
The ratio of two rates is closely related to the proportional difference which is defined as either D/rl =1-1/R or D/r2=R-l.
Another indication of the usefulness of the ratio (or relative risk as it is sometimes called) occurs when rates are being used for evaluation.
If the infant mortality rate is being monitored over time as additional resources are being phased into a community, the absolute changes in infant mortality rate will almost always decrease, suggesting dimin ishing returns to the investment of resources. However, the relative changes in mortality may even be increasing.c
Differences Between Numerator and Denominator Data
Since infant mortality rates are calculated by comparing infant deaths to live births dur ing the same year instead of by following the cohort of births to determine the cohort's mortality experience, the numerator and denominator in the rate may relate to dif ferent populations.
For example, an urban re newal project may result in a rapid, sudden change in the characteristics of an area's pop ulation. In this case the infant deaths during the year would be compared to a very dif ferent population of births for that year and the rate could be misleading. These types of population shifts shouId be kept in mind when analyzing small area mortality rat es.
In addition, the source of information for the numerator is the death certificate while the source for the denominator is the birth certificate.
Lack of comparability in certain items has been noted in special studies which match birth and death certificates for the same infant. For example, a study in Minne sota 2 showed that 2.4 percent of the 2,120 births with deaths under 1 day had a different county of residence on the death certificate e. Discrepancies in designation of race were also noted-of 117 infant deaths with Negro recorded on the birth certificate, 7 (6 percent) had another race indicated on the death certif icate and of 97 Indian infant deaths, 28 (29 percent) were recorded as white on the death certificate.
cThis could happen if the rate begins at 50 per 1,000, decreases to 30 at a second time period, and then to 15 at a third period. The absolute changes are -20 and -15 while the relative changes are 1.67 and 2. An advantage of the absolute change is that it is easily translatable into excess deaths or lives saved and this may be a more appropriate measure (especially when dealing with allocation of scarce resources). If there were 10,000 births at each period in the example cited above, the decrease from 50 to 30 resuIted in 200 lives saved while the decrease from 30 to 15 resulted in 150 lives saved.
RELEVANCE Planning
Although an area's infant mortaIity rate (and its components) may be "explained" by the demographic and socioeconomic charac teristics of the area, the need for maternal and infant care programs in an area with high rates is evident. The form which these programs take shotdd be determined in part by infant mortality and other related data. Take, for example, an area with unusually high neonatal mortality. If the area had no intensive care nurseries, it may be in need of such services. On the other hand, if the area already had sufficient intensive care nurseries, the need might be more closely related to making prenatal care more accessible or to emphasizing the educational component of prenatal care. Similarly high fetal mortality rates would in dicate the need for more prenatal or even preconception care (although the completeness of fetal deaths registration should be kept in mind as a possible explanation). Causespecific pennatal mortality data might be es pecially useful in suggesting genetic counsel ing linked to family planning.
Many States routinely match their birth and infant death certificates. In such States the potential for using such data in planning is even greater because information about the infants who died is available from the birth certificate as well as the death certificate. For example birth certificates in 39 States and the District of Columbia include data on the month of pregnancy in which prenatal care began. By comparing this item for mothers of infants who died with other mothers, more direct information becomes available about whether prenatal care is accessible to high-risk mothers. It also enables the-planner to determine for a particular area which maternal factors present the greatest potential for infant mortality. Programs directed at such women may then be initiated.
Evaluation
Monitoring infant mortality over time is a potential method for evaluating the outcome oi health programs directed at mothers and infants. There are, however, a number of prob lems which must be considered in using mor taEty data. One of these, the stabiIity probIem (p. 4 ), requires that several years of data be combined. Thus, results of an evaluation wiIl not be availabIe for immediate feedback.
Comparison with areas which do not have programs but which are similar in other char acteristics to the areas with programs are also helpful to rule out the possibility of something other than the program being responsi ble for any decrease. 13 If such areas are not available, the rates for larger units (e.g., other cities, U.S. rural counties) may be used. In addition, some corrections to the raw rates for other variables (e.g., based on mukiple regression analysis) are often necessary.
Another point which should be consid ered is the use of specific components of in fant mortality to evaluate particular programs. For example, the postneonatal mortal ity rate should be used to evaluate a program designed to reduce postneonatal mortality. If the infant mofiality rate is used, any effects of the program might be overlooked since postneonatal mortality accounts for only one quarter of infant mortality.
APPENDIX ASSESSING STABILITY OF RATES AND CHANGES IN RATES
As indicated on page 4, an area's infant mortality rate (or any other rate) cannot be taken as the true rate for that area. It is an estimate and as such its variability must be assessed. The simplest method for doing this is the computation of a 95-percent confidence interval. This interval is defined so that it has 95-percent probability of including the true rate. The formula and an example are given in figure 3 . The computations shown are derived under the assumption that the number of deaths in an area has a Poisson distribution. 14 A useful rule is that any rate based on fewer than 20 cases in the numerator will have a 95-percent confidence interwd which is about as wide as the rate itself (i.e., from 0.57-to 1.57). Roughly speaking, this means all that can confidently be said about an area with 20 deaths out of, say, 1,000 live births is that the true rate is within 20 t 10 per 1,000. Clearly intervals for rates. The interval (1 9.3, 40.7) is much narrower than the one in the first situation, but it still shows that the area's true rate is not known with much precision.
this is not very precise information. Of course for any rate based on more than 20 deaths, it is important to know the confidence Iimits in order to determine just how precisely the true rate is estimated.
On page 6, it was suggested that the ratio of two rates be used to compare areas or measure change in one area between two time periods. Figure 4 shows the formula for esti mating 9.5-percent confidence limits for the ratio and gives an example. If the 95-percent confidence interwd for the ratio of two rates does not include the value 1, the rates are significantly different at the 5-percent Ievel.d
The formula given in figure 4 is valid only when the two rates are independent. This means that they refer to completely different areas or time periods: no birth or death which is included in-one rate should be included in 'This method of testing the significance of the difference between two rates will give slightly differ ent results than the standard method (see Armitage, 14 pp. 129-13 1). However, the ease with which confi dence limits for the ratio are obtained by this method lead to the recommendation for its use.
the other. In addition, the formula is valid only when the rate in the denominator is based upon more than 100 deaths. Figure 5 gives the formula for obtaining a 95-percent confidence interval for the differ ence between two independent rates. If this interval does not include zero, the rates are significantly different at the 5-percent Ievel.e Note that the significance tests based on the two methods will occasionally give different results, i e., the confidence interval for the ratio might include one but the confidence interval for the difference might not include zero. If this happens it is safest to conclude that the two rates are not significantly differ ent.
'This method of testing the significance of the difference between two rates will also give slightly different results than the standard method (see footnote d). The difference between the two is that in the significance testing approach one begins with the null hypothesis assumption that the two rates are equal and uses a pooled estimate of error, while in the con fidence interval approach no such assumption is made. Thus the rate in 1961-65 is from 1.22 to 1.98 times the 1966-70 rate with 95-percent confidence. Since this interval does not include 1, there was a statistically significant (P<.05) decrease in the area's infant mortality rate.
The confidence interval for the ratio of two independent rates can also be easily obtained from the confi dence intervals for each rate. If the confidence intervals for each rate are Thus the difference between the two rates is between 7.6 and 22.4 with 95-percent confidence. Since thi interval does not include zero, the rates are signi~lcantly different at the 5-percent level.
The confidence interval for the difference between two independent rates can also be easily obtaine{ from the confidence intervals for each rate. If the confidence intervals for each rate are 
